An approach was established to analyze the chemical profiling of Xiao-Cheng-Qi Decoction (XCQD) using liquid chromatography coupled with electrospray ionization tandem mass spectrometry. XCQD consisted of three herbal medicines (Rhubarb, Fructus Aurantii Immaturus and Cortex Magnoliae Officinalis). The traditional water extractive method was applied in the sample preparation, which was identical with clinical use. The characteristic fragmentation pathways of 17 reference compounds were comprehensively studied, including precursors of tannins, flavonones, anthraquinones and lignan. In total, 71 constituents were identified or tentatively characterized based on their mass spectrometry fragmentations and chromatographic behaviors. By comparing their relative contents, flavanones and anthraquinones were supposed to be used together for the quality control of XCQD. Further pharmacology and pharmacokinetics investigations should be performed on the basis of the present chemical profiling study.
Introduction
Xiao-Cheng-Qi Decoction (XCQD) is a classical Chinese herb formula that originated from Shang Han Lun in approximately 200 AD. Currently, it is still attracting interest because of its clinical uses for treating chronic constipation, food stagnation, hypertension, epilepsy, hepatic injury and difficulty in urination (1, 2) . All of these clinical effects have been proven during longterm clinical practices. XCQD consists of Rhubarb (Da-Huang), Fructus Aurantii Immaturus (Zhi-Shi) and Cortex Magnoliae Officinalis (Hou-Po). These constituents contribute various synergistic effects in prescriptions. As the major medicine (monarch medicine), rhubarb provides bidirectional regulation of large intestinal motility in decoctions (3) . Additionally, Fructus Aurantii Immaturus and Cortex Magnoliae Officinalis prevents rhubarb-induced disturbances of the regular spiking activity of colonic circular muscle (4) . Additionally, a recent study showed that XCQD possesses vascular permeability reduction, inflammation prevention, hepatic-protection, anti-obesity and lipid-lowering activities (5 -7) . XCQD also prevents the effects of uraemia and stroke (8, 9) . A high-performance liquid chromatography (HPLC) method has been established for the determination of eight compounds in XCQD (10) . In the authors' previous study, the major compounds were isolated from the water extract of XCQD, and its volatile oil was analyzed by gas chromatography -mass spectrometry (GC-MS) (11) . However, no reports have focused on the chemical profiling of XCQD, which has limited its applications in clinical use. Thus, the performance of a systematic chemical investigation of XCQD is very important and urgent. An online analytical method that avoids time-consuming isolation and provides quick, full-scale elucidation of chemical profiling is essential.
In recent years, MS combined with HPLC has provided a powerful approach for the efficient separation and structural characterization of herbal medicines and natural products (12) . Although the HPLC-MS analyses have been made of single Rhubarb (Da-Huang) and Fructus Aurantii Immaturus (Zhi-Shi) (13, 14) , XCQD presents a profile with more complicated constituents profile. As the continuation of the authors' research on the phytochemical analysis of XCQD, reported here is the comprehensive analysis of tannins, flavonones, anthraquinones and lignan in XCQD water extract. The preparation of the sample was in accordance with clinical methods, including the processing of medicines, the ratio of the material drugs, the extraction time and the water dosage. In total, 71 compounds were identified or tentatively characterized based on their mass spectra and chromatography behavior. Seventeen compounds were unambiguously identified by a comparison with the reference standards. In addition, the characteristic electrospray (ESI)-MS fragmentation patterns of the major flavonone glycosides in XCQD were carefully investigated, and their diagnostic fragments were reported.
Experimental

Instrumentation and chromatographic conditions
The analyses were performed on an Agilent series 1100 HPLC (Agilent, Waldbronn, Germany) equipped with a quaternary pump, a diode-array detector (DAD), an auto sampler and a column compartment. The samples were separated on a Zorbax SB-C18 column (250 Â 4.6 mm i.d., 5 mm, Agilent) with the column temperature at 308C. The mobile phase consisted of MeOH (solvent A) and water containing 0.5% acetic acid LC-MS experiments were performed using a Finnigan LCQ Advantage ion trap mass spectrometer (Thermo Finnigan, San Jose, CA), which was connected to the Agilent 1100 HPLC instrument via an ESI source in a split ration of 3:1. Ultrahigh-purity helium (He) was used as the collision gas and high-purity nitrogen (N 2 ) as the nebulizing gas. The optimized mass spectrometry detector parameters in the negative ion mode were as follows: ion spray voltage, 4.5 kV; sheath gas (N 2 ), 60 arbitrary units; auxiliary gas (N 2 ), 15 units; capillary temperature, 3408C; capillary voltage, -20 V; tube lens offset voltage, -10 V. For full scan MS analysis, the spectra were recorded in the range m/z 120-1500. In the data-dependent program, the most two abundant ions in each scan were selected and subjected to tandem mass spectrometry (MS n , n ¼ 2 -5). The collision-induced dissociation (CID) energy for MS n was adjusted to 25% in LC -MS analysis. Meanwhile, the isolation width of precursor ions was 3.0 mass units.
Reference compounds and solvents
Seventeen reference compounds were applied in the ESI-MS analysis, including gallic acid, catechin, trans-cinnamic acid, hesperetin, naringenin, hesperidin, neohesperidin, naringin, aloe-emodin, rhein, emodin, chrysophanol, physcion, 2-carboxy-3,8-dihydroxy-1-methylanthraquinone, emodin-8-O-glucoside, sennoside B and magnolol ( Figure 1 ). Their structures were unambiguously identified on the basis of their spectral data, and purities were approximately 95%, as determined by HPLC analysis. HPLC-grade MeOH (Fisher, Fair Lawn, NJ) was used for HPLC analysis. Deionized water was purified by a Milli-Q system (Millipore, Bedford, MA).
Materials and sample preparation
Seven batches of Da-Huang, Zhi-Shi and Hou-Po were purchased from Beijing Medicinal Materials Company (four batches) and Beijing Renwei Material Chinese Medicine, Ltd. (three batches), which were identified as the radix and rhizoma of Rheum palmatum, immature fruit of Citrus sinensis and the bark of Magnolia officinalis, respectively by Prof. Xi-Rong He (Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences). Voucher specimens (numbered XCQD S1, S2, S3, S4, S5, S6 and S7) were deposited in the Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences.
Da-Huang (rice wine processed), Zhi-Shi and Hou-Po (4:3:2), 4.5 g each, were soaked in 45 mL of deionized water for one-half hour and reflux-extracted for 40 min. The solution was filtered through 0.45 mm membranes before use, and a 5 mL aliquot was injected into HPLC for analysis.
Results and Discussion
Altogether, 71 compounds were identified or tentatively characterized in the present study. The general chemical profile of XCQD was clarified ( Figure 2 ). The ESI-MS behavior of 17 reference compounds were comprehensively investigated, including three precursors of tannins, five flavonones, eight anthraquinones and one lignan. All compounds could be detected in HPLC -MS-MS analysis of the XCQD sample, except for cinnamic acid.
Fingerprint similarity analysis of XCQD The fingerprint similarity of seven batches of XCQD was analyzed by computer aided similarity evaluation (CASE) under UV conditions. The resolutions, areas and heights of the 20 common peaks in HPLC -UV chromatography were considered. The similarity of each batch was more than 0.8 ( Table I ). The optimization of the column, detected wavelength, pH value of the mobile phase and gradient elution program was performed to achieve the best resolution of peaks. The relative standard deviations (RSDs) of precision, stability and repeatability were individually detected at 0.42, 0.49 and 1.10%. 2 fragment at m/z 103.
ESI -MS-MS
Although cinnamic acid was not directly detected in the online analysis, its derivatives were widely found in XCQD. Cinnamic acid was probably generated in the process of isolation (16) .
Identification of tannins and their precursors
As one kind of major active constituents, tannins have been reported to possess activities of depressurization, antivirus, anticoagulation and other effects (17) . In total, 26 tannins and their precursors were identified in XCQD by LC-MS (Table II) 2 ion at m/z 271 was also found, which was attributed as the cleavage of glucosyl residue. In the MS 3 spectrum of T5, the obtained ion yielded diagnostic ions at 211 and m/z 169 of galloyl. Due to the different linkage position of glucose, the abundances of m/z 271 and 169 ions in these three isomers were different from each other. According to the literature, the linkage position of glucose should be at C1, C3 and C4 of galloyl residue (18 -20) .
Additionally, two other isomers of galloyl derivatives were detected. Both T6 (MW ¼ 494, t R ¼ 7. . Generally, catechin always attached to each other at the 4 ! 8 position, forming dipolymers. T11, T13 and T18 were regarded as dipolymers of catechin or epicatechin, which could not be discriminated by using their MS n spectra. Meanwhile, a catechin dipolymer adducted with galloyl was detected at 23.85 min (T20, MW ¼ 730). Its MS-MS spectrum yielded a catechin dipolymer ion at m/z 577. The neutral loss of 152 Da was deduced as the fragment of galloyl acid residue. In the following MS 3 experiment, the MS behavior of m/z 577 was the same with the dipolymers of catechin/epicatechin (T11, T13 and T18). The characteristic ions due to the continuous RDA cracking, the loss of H 2 O and catechin were observed. Tripolymers and tetramers of catechin, which could be found in rhubarb, were not detected in XCQD (17) . This may be because of the hydrolysis in the decoction process.
Furthermore, three catechin-O-glucose isomers (T8, T12 and T14) were identified at 11.10, 14. considered to be the characteristic MS fragmentation of glucose-malonate, which has been comprehensively reported in rhubarb (27 (20, 28) . Additionally, the cinnamoyl-O-glucose-glucose-O-galloyl (T24, MW ¼ 624, t R ¼ 41.34 min) was detected, which presented one more sugar than T25 and T26.
ESI -MS-MS analysis of flavonones
ESI-MS-MS analysis of five flavonones was performed, including naringenin, naringin, hesperetin, hesperidin and neohesperidin.
In the negative ion model, naringenin gave an [M-H] 2 ion at m/z 271 in full scan mass spectrum. Due to the RDA reaction at ring C, its MS-MS spectrum showed the base peak at m/z 151. The special moderate ion caused by the loss of ring B at m/z 177 was also found. In the low molecular weight range, the fragments at m/z 119 and 93 were attributed as the collision fragments of ring B (29) .
Naringin (naringenin-7-O-neohesperidose) revealed a different fragmentation pattern from naringenin. The frequent collision of neohesperidose yielded an [M-H-120Da] 2 ion at m/ z 459 and an [M-H-rha-120Da]
2 ion at m/z 313 in the MS-MS spectrum. Among them, m/z 459 was shown as the base peak.
The [M-H-rha]
2 ion at m/z 433 was also observed, but it was not obvious. In the MS 3 experiment of aglycone ion at m/z 271, the [M-H-rha-glu-60Da] 2 fragment at m/z 211 was found as the base peak, which was totally different from that of naringenin (Figure 4) . However, the aglycone fragmentation of naringenin-4 0 -O-glycosides was almost the same as naringenin (30) . This was atrtributable to the acidity difference of 7-OH and 4 0 -OH. Hesperidin (hesperetin-7-O-glu-1,6-rha) and neohesperidin (hesperetin-7-O-glu-1,2-rha) were also investigated in this study. The structure difference between these two isomers only existed in the attached position of outer rhamnose at the C-7 position. Apart from the aglycone ion at m/z 301, ions seemed to be the characteristic ions of flavanone 7-O-neohesperidose glycoside ( Figure 5 ).
Identification of flavanones
According to the ESI-MS analysis of five reference compounds, 13 flavanones were detected in XCQD (Table III) . These types of flavanones were from Fructus Aurantii Immaturus. 
F1 (MW ¼ 758, t R ¼ 27.92 min) first presented an [M-H]
2 ion at m/z 757. Its MS-MS spectrum gave the base peak at m/z 449, indicating the loss of glucose and rhamnose. The moderate peak at m/z 595 was attributed to be the rupture of glucose from the other position of aglycone. Meanwhile, the aglycone ion was shown to be the base peak at m/z 287 in the MS 3 spectrum, which was attributed as OH-naringenin. Additionally, RDA clicking yielded a fragment at m/z 151 in the further MS 4 spectrum. Compared with naringenin, the linkage of additional OH should be on ring B. Thus, this aglycone was deduced as eriodictyol (4 0 -OH-naringenin). According to the abundance of diagnostic ions, two sugar chains should attach at C7 and C4 0 , respectively. Therefore, F1 was tentatively identified as eriodictyol-4 0 -O-glu-7-O-glu-1,6-rha (31) .
With the same aglycone as F1, F2 (MW ¼ 596, t R ¼ 32.43 min) and F3 (MW ¼ 596, t R ¼ 34.25 min) were observed as a pair of eriodictyol-glycoside isomers. In the MS-MS spectrum of F2, the loss of rutinoside yielded a base peak at m/z 287. The characteristic ion at m/z 151 was found in a further MS 3 spectrum. According to the literature, F2 was deduced as eriodictyol-7-O-rutinoside from Fructus Aurantii Immaturus (32) . As a comparison, F3 presented a predominant [M-H-OH-120Da] 2 ion at m/z 459 in the MS-MS spectrum, indicating the existence of neohesperidose (glu-1,2-rha). The aglycone ion at m/z 287 was also observed. In the further MS 3 experiment of m/z 459, fragments at m/z 441, 357 and 235 were detected. Thus, F3 was tentatively identified as eriodictyol-7-O-neohesperidose (33, 34) . This conclusion was also supported by the elution order (glu-1,2-rha eluted faster than glu-1,6-rha) of F2 and F3, which depended on their polarity difference.
As a flavonone glycoside with three sugars, F4 was observed at t R ¼ 37. 2 ion at m/z 489, which supported the existence of glu-1,2-rha. Meanwhile, the aglycone ion at m/z 301 was found to be the base peak. The special ions at m/z 286, 242 in the further MS 3 experiment of m/z 301 indicated that its aglycone was hesperetin. In accordance with the literature, F7 was deduced as hesperetin-7-O-(2",6"-di-O-rha)-glu (36) .
By comparison with standards, F8 (MW ¼ 610, t R ¼ 44.14 min) and F9 (MW ¼ 610, t R ¼ 45.45 min) were unambiguously identified as hesperidin (hesperetin-7-O-glu-1,2-rha) and neohesperidin (hesperetin-7-O-glu-1,6-rha) ( Figure 6 ).
In addition, naringenin and its derivatives were detected as the other important flavonone aglycones in XCQD. In the extract ion chromatograms (XIC) of m/z 579 (Figure 6 ), F5 2 ion at m/z 501 as the base peak in its MS-MS spectrum. At the same time, the diagnostic ion at m/z 459 and the aglycone ion at m/z 271 were found. The MS 3 experiment of m/z 501 gave special ions at m/z 357 and 151, which were identical to those of naringin. Thus, F13 was deduced as naringenin-7-O-glu(OAc)-1,6-rha (38) .
Additionally, a flavonone glycoside with di-OH-OCH3-flavanon aglycone was observed. 
ESI -MS-MS analysis of anthraquinones
In total, eight anthraquinones were isolated from XCQD as references consisting of six aglycones, one glycoside and sennoside B.
In 
Identification of anthraquinones
As the representative compounds from rhubarb, 31 anthraquinones were detected in the present study (Table IV) . By comparison with references, six free anthraquinones were detected, including 2-carboxyl-3,8-dihydroxyl-1-methylanthraquinone (A21), aloe-emodin (A27), rhein (A28), emodin (A29), chrysophanol (A30) and physcion (A31). 2 peak at m/z 224 was observed, which was caused by the loss of the propylene branch (47, 48) . Magnolol seemed to be the representative constituents from Cortex Magnoliae Officinalis. However, the content was very low. Cortex Magnoliae Officinalis primarily contributed its volatile components in the prescription.
Conclusions
In the present paper, an HPLC -ESI-IT-MS method was developed for chemical profile analysis of XCQD. In total, 26 tannins and their precursors, 13 flavanones, 31 anthraquinones and magnolol were identified or tentatively characterized by their MS fragmentations and chromatographic behavior. T10, T16, T24, T25, A2, A3, A4, A12, A17, A24, A25 and A26 were reported in this paper for the first time. Additionally, the ESI-MS fragmentation patterns of three flavanone glycosides (naringin, hesperidin and neohesperidin) were investigated. The mass spectra difference between hesperidin and neohesperidin was clarified. In this investigation, the contents of flavonones from Fructus Aurantii Immaturus presented relatively higher amounts than anthraquinones. This was identical to the determination results of XCQD (46) . Therefore, it was suggested that flavanones and anthraquinones should be used together for the quality control of XCQD. The further synergistic effect study of tannins, flavanones and anthraquinone should be conducted.
